Contributions of the MMP-2 collagen binding domain to gelatin cleavage. Substrate binding via the collagen binding domain is required for hydrolysis of gelatin but not short peptides.
Two matrix metalloproteinases, MMP-2 and MMP-9, contain each three fibronectin type II-like modules, which form their collagen binding domains (CBDs). The contributions of CBD substrate interactions to the catalytic activities of these gelatinases have attracted special interest. Recombinant (r) CBDs retain collagen binding properties and deletions of CBDs in these MMPs reduce activities on collagen and elastin. We have characterized further the requirement of the CBD for MMP-2 cleavage of gelatin. The analyses used intact rMMP-2 and rCBD to eliminate any confounding effects that might result from structural perturbations in rMMP-2 induced by deletion of the approximately 20 kDa internal CBD. In protein-protein binding assays, 2% DMSO disrupted gelatin interactions of both rCBD and rMMP-2. At this concentration, DMSO also reduced the gelatinolytic activity by approximately 70%, pointing to a central role of CBD-substrate interactions during MMP-2 cleavage of gelatin. Subsequently, soluble rCBD was determined to competitively inhibit gelatin binding of unmodified rMMP-2 to gelatin by 73% and to reduce the MMP-2 degradation of gelatin by 70-80%. The residual gelatin cleavage that was not inhibited even by molar excess rCBD could be accounted for by degradation of short substrate molecules. Indeed, rCBD inhibited rMMP-2 cleavage of an 11 amino acid collagen-like peptide substrate (NFF-1) by less than 10%. These observations were confirmed with enzyme extracts from experimental tumors in mice. In the presence of rCBD, approximately 65% of the MMP-derived gelatinolytic activity was eliminated. Together, these results demonstrate that the CBD is absolutely required for MMP-2 cleavage of full-length collagen alpha-chains, but not for short protein fragments such as those generated by hydrolysis of gelatin.